We herein report the case of a 39-year-old Japanese female with eosinophilic pneumonia associated with natalizumab. The patient with bronchial asthma had multiple sclerosis and was treated using natalizumab. The patient was referred to our department because of a persistent cough. A chest computed tomography (CT) scan revealed bilateral patchy consolidation surrounded by ground-glass opacity. A bronchoalveolar lavage (BAL) was performed. Eosinophil levels in the BAL fluid were increased and the patient was consequently diagnosed as eosinophilic pneumonia associated with natalizumab. Therefore, natalizumab treatment was discontinued. Subsequent chest CT findings showed a remarkable improvement without any treatment.
Introduction
Multiple sclerosis (MS) is an inflammatory demyelinating disease of the central nervous system (CNS). MS is considered to involve genetic and environmental factors. 1 Recently, the number of MS patients in Japan has been increasing. 2 The clinical symptoms of MS include loss of vision, cognitive impairment, and motor and sensory disturbance. Moreover, relapse and remission of the disease frequently occur. 3 Therefore, preventing recurrence is important. In Japan, five types of disease-modifying drugs such as IFNβ-1b, IFNβ-1a, fingolimod, natalizumab, and glatiramer acetate are currently available. Revealing the unknown adverse effects of these drugs is important. Therefore, we report a case of eosinophilic pneumonia (EP) associated with natalizumab, as a third-line treatment for MS and review the overall respiratory adverse events associated with natalizumab in Introduction to avoid confusion. Natalizumab is a humanized immunoglobulin G4 monoclonal antibody, which binds to the α4 subunit of α4β1 and α4β7 integrins and blocks their binding to endothelial receptors, thereby inhibiting the recruitment of immune cells to inflammatory tissues. The common adverse effects of natalizumab are fatigue and allergic reactions. Moreover, there is progressive multifocal leukoencephalopathy as a serious adverse effect. 4, 5 The patient was diagnosed with MS 9 years ago. She was treated in the neurology division since diagnosis. An initial treatment of interferon beta (IFN-β)-1b was discontinued because she was diagnosed as EP by bronchoscopy and needed steroid treatment. A second-line treatment using fingolimod was initiated 7 years ago. Treatment using natalizumab was initiated 5 months before the first visit to our department, because of poor control of MS. The patient was a never smoker, drank alcoholic beverages occasionally, and had a history of bronchial asthma. She did not have a history of keeping pets or taking new drugs including Chinese herbal medicines or supplements. There was no exposure that could trigger asthma exacerbations. Her vital signs were within a healthy range and no abnormalities were found in a physical examination. Her symptoms such as fever, difficulty breathing, night sweats, wheezing and weight loss were not observed. The results of an arterial blood gas test were also within a healthy range. A chest X-ray revealed patchy consolidation in the bilateral upper and left lower lung field ( Figure 1 ). A chest computed tomography (CT) scan showed bilateral patchy consolidation surrounded by ground-glass opacity ( Figure 2 ). Furthermore, laboratory tests demonstrated increased levels of white blood cells (13,500/μL), eosinophils (5220/μL), serum IgE (600.9 IU/mL), and surfactant protein D (112 ng/ mL). No elevation in tumor markers (carcinoembryonic antigen (1.0 ng/mL), soluble cytokeratin-19 fragments (0.5 ng/ mL), neuron-specific enolase (15.7 ng/mL)), serum β-D-glucan, anti-neutrophil cytoplasmic antibody (ANCA), and sialylated carbohydrate antigen KL-6 (130 U/mL) was noted ( Table 1 ). The drug-induced lymphocyte stimulation tests were not performed in this case. The results of a pulmonary functional test were normal including carbon monoxide diffusing capacity, and fractional exhaled nitric oxide was 23 ppb. The normal results of the arterial blood gas test and pulmonary functional test might suggest inflammation of the lung was relatively mild. Bronchoalveolar lavage (BAL) from the right upper lobe was performed without transbronchial lung biopsy. No bacteria, fungi, and acid-fast bacillus were detected in the BAL fluid culture. Eosinophilia was revealed in the cell fraction of the BAL fluid (61% macrophages, 35% eosinophils, 4% lymphocytes) ( Figure 3 ). As a result, chest CT showed EP pattern. Moreover, other underlying diseases causing interstitial lung disease (ILD), such as cancer, fungal or bacterial infection, and ANCA-associated vasculitis, were excluded. Furthermore, there were no obvious abnormalities in the chest X-rays before natalizumab administration and no increase in peripheral blood eosinophils before natalizumab treatment. Therefore, natalizumab treatment was discontinued due to the possibility of EP associated with it. Peripheral blood eosinophilia and pulmonary infiltrates improved after the 6week cessation of natalizumab treatment (Figures 4 and 5) . Therefore, the patient was diagnosed as EP probably associated with natalizumab. Her symptoms of multiple sclerosis remained stable for a while after the cessation of natalizumab treatment. However, methylprednisolone pulse therapy was started because multiple sclerosis was exacerbated on MRI after EP subsided. After three cycles of methylprednisolone pulse therapy, fingolimod was started.
Discussion
Recently, MS phenotypes have been classified into five distinct subtypes: RRMS, clinically isolated syndrome, radiologically isolated syndrome, primary-progressive MS, and secondary progressive MS. The majority of patients with MS follow the course of RRMS. 6 Early treatment is effective in the relapsing-remitting phase, and it has been reported that IFN-β improves prognosis compared with placebo. 7 However, when IFN-β cannot be used because of side effects or if it is poorly effective, a second-line treatment should be initiated. Natalizumab and fingolimod are reported to be effective as a drug after second-line treatments. 8, 9 Natalizumab is a humanized immunoglobulin G4 monoclonal antibody, which binds to the α4 subunit of α4β1 and α4β7 integrins and blocks their binding to endothelial receptors. As a result, natalizumab can inhibit the influx of lymphocytes to the CNS and attenuate inflammation. It has been reported that the number of circulating lymphocytes, monocytes, eosinophils, and basophils increase during natalizumab treatment. 4, 5 A few cases of hypereosinophilia (≥1500/μL) have been reported as an adverse event of natalizumab treatment. 10 On the other hand, it has also been reported that natalizumab could induce adverse events such as nontuberculous mycobacteria, mycobacterium tuberculosis and paracoccidioidomycosis, sarcoidosis and Crohn's disease. [11] [12] [13] [14] [15] However, there has been only one case of suspected EP. 16 In that case, the proportion of eosinophils in BAL was 12%, and it did not meet the criteria of EP. Hence, this was the first case with concurrent hypereosinophilia and EP as adverse event of natalizumab. The summary of cases with respiratory adverse events associated with natalizumab is shown in Table 2 . However, the biologic agents are reported to have something to do with EP. 17, 18 A diagnosis of drug-induced ILD requires correct identification of the drug, singularity of the drug, temporal eligibility, characteristic clinical symptoms, imaging results, BAL results and pathologic patterns of the reaction to the specific drug and the exclusion of other causes for the ILD. 19 A diagnosis of EP requires both characteristic clinical imaging features and a demonstration of alveolar eosinophilia consisting of at least 25% of the eosinophils in the BAL. 20 In the current case, a chest CT scan showed lung infiltrates consistent with an EP pattern, and eosinophils in the BAL were increased. Furthermore, the patient had no other causes for the ILD such as cancer, fungal or bacterial infection, and ANCAassociated vasculitis. It is noteworthy that hypereosinophilia and lung infiltrates were improved only by the discontinuation of natalizumab, which seemed to be the causative agent of the EP. Therefore, the patient was diagnosed with EP associated with natalizumab. Although the details of the pathophysiology of EP were unknown, it was thought to be that there was an involvement of T helper 2 (Th2) cell-mediated allergic reaction. Asthma is a chronic inflammatory airway disease associated with Th2 cell cytokines, such as interleukin-4 (IL-4), IL-5, and IL-13, which promote airway eosinophilia. 21 Moreover, Marchand E et al reported that the prevalence of asthma in patients diagnosed with idiopathic chronic EP was 64%. 22 It should be noted that she had a past history of IFN-β treatment-induced eosinophilia, although there is little structural similarity between IFN-β and natalizumab. Drug DovePress hypersensitivity in the past appears to have an increased tendency to develop sensitivity to new drugs. 23 Therefore, it is possible that the patient could be susceptible to an allergic reaction to natalizumab. As for possible molecular-biological mechanism of natalizumab-induced EP, it binds to α4β1 and α4β7 integrins and could induce endothelial injury. As a result, IL-33 and vascular endothelial growth factor (VEGF) are released from injured endothelial cells, recruit eosinophil to the lung, and activate macrophage and dendritic cells, leading to T-helper cell type 2 (Th2) immune responses. 
Conclusion
In conclusion, clinicians should consider the possibility of EP after the initiation of natalizumab treatment. It is important to highlight new adverse events when they are encountered.
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